Searching PA J 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 11-191722 
(43)Date of publication of application : 13.07.1999 



(51)lntCL 



H03H 9/64 
H03H 9/145 
H03H 9/25 



(21) Application number : 10-292610 

(22) Date of filing : 14.10.1998 



(71) Appiicant : SEIKO EPSON CORP 

(72) Inventor : TAKAGI MICHIAKI 

HAYASHI SATOSHI 
YAMAZAKI TAKASHI 



(30)Priority 

Priority number : 09293056 Priority date : 24.10.1997 Priority country : JP 



(54) LATERAL DUAL MODE SAW RLTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an excellent intermediate 
frequency filter applicable to a portable telephone set such as a 
PHS and a GSM by attaining a broad frequency band and 
miniaturization of the lateral dual mode SAW filter (high frequency 
narrow band multiplex mode filter) employing* e.g. a crystal 
substrate. 

SOLUTION: In th case of integrating IDTs 101 of two SAW 
resonators 127, 129, a frequency of a basic wave symmetrical mode 
SO of two specific vibration modes in use is decreased by arranging 
a shared feed-conductor pattern (bus bar) on the negative polarity 
side in such a way that a plurality (two or over) of positions are 
taken in the width direction and this arrangement is repeated 
periodically in a propagation direction X of a surface acoustic wave, 
thereby extending the pass band width of the filter. 
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SI*S2<0»«^XHUyyT*oT. Wftrnm^^KM 50 
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(Y, Q) dY=0 (5) 

-r-SSa^^fcTo b5E1 2 4(i: 1 2 5tiC<^)^'&tC:fe 

oT^>7!>^^:b;^j:Vio 1 2 7 (D^mcommt. 2rD(Dj^m 
SI <hJKStSg2<D-BB<h^I DT 1 0 KD^^f)^^^ 
0. ±WXSAW^mi^l^m^T^o ^fcl2 9C0^ 
BJ<^Si«ti, 2 0<DSS*S1 <i:SI*§g2(7>-8B<h±I D 

T 1 0 lOH^^i'Tii^b^D. ±f*:*rs AW^ii^2 

r-So $e>{c 1 2 8cz>^si(7>M«n, mmsAw^m^ 

1 ^ S A W^^liT 2 (0 I DT7!)^*3£M-rsaSlg««:^ 
To 

[0 0 4 1] 1 0 0 (D&mww-mt. ^>:^;i-k 

tfffB<7) 1 0 0 Ji{Cj^^$n;^cMf2c^2^lC7)S AW^^ 
SI^1 2 7, 1 2 8. 1 2 9^m^'r^lDTr^(bUi.Z 

^mm^mm. 7./^y^m(Dm^\zjzr)umm^i.rz 

y^h'Jv^'^y^t^m\z^o/^i$^->m^i^xi^ 

\zs^mmm^n^o -mmmLi^xmfs^Lrzi o 2^1 

[0 0 4 2] mmm 2 > 'A\zm 2 mmo^m 1 (Dm 
2S^-HSAW7^;i/^^2 $Rmmj&mLrz-mmm 
x^^o m^o>^^&:<D^mts 2 0 0 f)^mmi^W'^. 
m^^^m^^xm^tifc 201 {tm 1 (om 2 m^e— h s a 

y/y>(jv^ (SAWF#i) , 20 2\ty^2<Dm2&'e 
— KSAW:7>r;u^ (sawf#2) x^^o 2 0 5 ^: 

206> 207, 208 Xti^rziita!iti^m(OM.m 

ti^^m<DiEmmiiL^-^?i^/'^y \^x$>^<, ^tz. 21 

0^:2 1 It^, mi i:^2(D«i2a^-KSAW>'-<;P 

^ 2 0 1. 2 0 2m(onmm^mm'r^mw/^^->x 

$^fC, 2 0 9timi <hm2CQ«l2fi^— KSA 
W:7>f 2 0 1 , 2 0 2r«^OIESFBl^SgS'r'5iSt^A 
^ — >X$>^o 

[0 0 4 3] -d€iz. :^^m(omi h&2\zm^^^nx 
^^^±iDT (mi(Dioi) (Dm^^z-D^ms^m^^ 
xmrntjiSiim^fTo. m^(o^mxm^tirz3 0 oti, 

m^miCDl 0 1 CD— gB{C*f;SbT(/^^a BtllB3 0 OCO 

0. ^n^fi 3 0 1 <7) I DT 1 , 3 0 4<DIDT2, 3 
15<7)IDT12, 2 t?(Z>IS'&«S^ 3 0 2 i: 3 0 3 Lf)^ 
^U^. I DTKDftffic^HfiitiO— OT»^3 1 0 



(7) 
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0 9©i|ii*Ifi] (Ytt^TiSj) JC^I^-r^iJ^DXAXA-^r 



12 



A— a^fe (gIl(D113, 114 Hffl^) (7)X:^r6l(D^ 

l^iT/cJ:;^!^*^, gllOl 2 3«hl 1 8:feci:^lil2(7)2 1 0 
(2:2 1 1 t)|^«7:j:31S;5^^ 1/4 A (A«#ttSE&cD 
&fi) (^WScfgOfa<£:i:^o ®^3 02^315(^:30 
3^^*:-r, miOl 2 8<^fi1i®«<£::^/N*-'r'5o 30 
5tlA:tjIDT (I DTI) (DIESttiKiJcO^li^^. 3 
0 6t^l±l;^IDT (IDT 2) (O^W&m^nMW^'X:^^ 

Q (Y) =a>oo {1/7?+ (1 - 

LTO. 9 9^^^0. 9 5CD{i^i>5o CKD^^TT. 

H5ffim^h:ilSt^3i^7">'>^;UMS[P YM (Y) ;&^*ci:(Z> 

aS]{cwci<hwc2. wciz-e^^n^asf^coiiww 

WaiCDffi^cD^i^i&^cooo (=2 7cVm/ (2PT) ) 
if^^^^tVZ^^^^. PTfiSffifi(Z)gS^Ji^^ST^'5o 

c (Z):ftpgi»fc*fji::-r s p YMT&n s CI <h tJic 

(6) t^^^^\zMmrT:^^. ^fz. gfiSffilc^'T'S 
P YMtlPYM=OT^O, ^LOym-^COf^m&mtcooo 
(1/7?) ( >a)oo) (h^cC^o HIS 4^(7)3 BT^^n 

0 O^^^l OOOp vmL^^/l^-^l^^CD^^tlX^^ 
So i¥oT> PYM=0. IgffifC^HSTS (0. 0 0 

1 = 1/0. 99-1) XPYM) o M^AJi, M^W 

c , (ommm^^co i / a ii^m^^mm^(r>&mit.^m 

PYM=0. 2 5'rab'5o Mt^tC^i^GiiiGzTS^n 
S^'&mJ^cOPYMfCOliTH, ^TdgBHeffiKc^^m 

(3 1 0 3 1 1) 7j>^*#Sf 
S®«<!:3 0 7<7)j^«agLf^;;&^??aE-rs«i«:^i^ y^m5^ 
\ZWin^\Z.WM^rcC\^^^iP^. PYM= (1 + 0. 

1) /2 = o. hht,f^^. '^fzhmtMmz.^xx. 

PYM=(l + 0. 2 5)/2 = 0. 6 2T*Soeil± 

cost&^t:^iffiia:#7=->'>^;ug|^p YM (y) \z^->x 

J^^T-Sei^r-KcD^&V (Y) 0 3<^STgS(C0 
^Lfc3 1 3 0)5 0^-H (a*:S^>C*^^^- H) <h 3 1 
4(OA0^-K (S*ai^**f*^-K) Tfe-So 
[0 0 4 5] 0€f{C, *%B^O^fiS;tC<i:0f#^tl'&iHFtt 
tCO#g|4;Jj^6iai O^^fflUTiK^q-r-So BtrlSO^tt 
*SST;^yN ( 3 0 4 5 ^©lelfeY:^ h) 



^-So ^SBficOf^^tetl. 301;5/^*WCi. 3 0 2;^^Gi. 
3 15;;&WC,2. 3 0 375^02. 3 0 4 ;!>WC2-C»So 
m;^c[^^(0tf*lClH©bfcPgg«i^tt3 1 2T^$ns 

4#tt^ti, tatei DTco#^i^;<^^*^)t>M1*^^:i^^6§c4?7=■ 
>'>'^;^M»PYM (Y) ^^T^jOT^-Sc Mt5PY 

M (Y) DT(DXfii&;&I^l^^(C:b/coT¥l^LTf# 

10 Ti^HJbfc^ (3) +<DQ (Y) <hPYM (Y) (7)^^ 
[0 0 4 4] 

[3S6] 

- 1/7?) PYM (Y) } (6) 

^^^fo ttrlBS AW^ig^(7)iliS^<hLT2 5 OMH 

'5g/h(3!)^^if<XTf^S$?j2 X ZxtiX^\zmm^^tz^ 
20 tcti. I DTc7)^^M<hM-fiiJ(^JSS*^N(7)fP;6^2 0 Oi^ 

nxtb^^iMt^^^. z,(r>^^(o^t.\z. ie<^sAw 

^M^(7)Qfi (^ig^fei^s) (ffi^i 0 0 0) 

^J*MffiStR, (fi^l 0 0 1) (OiNftt^^l Otc^L 
;^Co I DTC0*figcM7&M 07!>^6 1 2 0<7)^HtC:fcl.iT, 
*5i:^i^±COQffl7!?^\ ^/t, R 1 HM;5^*6 0 7&^6 1 2 0 
^t(OiBffitC*5(.iTl 0 OQfiS^&^tt^nSo 1 

^®c7)S AW^lg^comffifi3^M'ti (wCt/2. <ici-e 

WCt=WCi + Gi+WCi2 + G2 + WC2) (hUT. 8 

30 2fS;6t, |g|3CD± I DTitgWCr (=WCi + G,+WC 
.2+G2+WC2) i:^b<<h'5o t¥r?TH8fE:^ I DTig 

4 ^ 1 8 iS:gT7&^0. *f^M 6 0 6 1 2 0 
SeoTSi*SO»^2|C2(s:g:«l 4 0 75^^ 8 0 2|5:^-rtltf, 

[0 0 4 6] O^tC, ^4<tl^5td:2^^ig<7)1ll2a^- 
K S AW:7 ^ ;i':$^;&^*-rs^Wfii!l^— K S 0 ^ A 0 CD 

Sm&AT', la^Mfrl^iSl^^fb^A f / f T'^D, PP 
40 mmfi (10-^) -eSU;'to ia*(7>0 p pm«, SAW 

*«^-e^So ^-ria4<^)ffl^4 0 OliS 0^:-K<7)*li 

^SIScTS^^p ^^(DilO. ^^glliS»«.^Qcowc,2 
= 0(08 0 0 p pin75^t>. WCi27:)^'ia;^TS{Ct2ei^i.'^P 
(^M-Tf^^-S 3 6 0 p pm (4 0 1) SZ^t^-oXWP-X^X 

ffli^Ti^ai'r'&p 0 5(^Ao^-H(7)*®^ffitia: 

(5 0 0) TffeSo WCi2tCcfcO> <\%m\L\^XU 
\r^CLf)^tDf)^^o C(DmM\t. AO^— K 

50 f)mimcT\z^o»:^^n^:itf)^emmx^^. 
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1 0 0 0 p pm"efen«. @WOPHSi::6^GSMffi^ 
(Dl Fy^ }V^f)mmx-^^^^^. WC,2=2 AJL^JiT 
St^iChtC/ct'So WCi20±(gffifi. SAW^^li^lih 

[0 0 4 7] O^JC, ^6fi2ts:^iiq<Z)«i2a^— KSA 
wy^JV^iDAtjM^m (IHK^l 1 1) 7!i^e^;^S,, 10 

-HAOTfe^a S 0i:A0ra<7>^SIScM«l 0 8 0 p 

m^ax*^ 0 , *ffitt<;) s b iitmxm^<Dmm^i^x-^ 

S bOt)0 3 d Bilii^igi|iiti43J:^ 1 5 0 0 p p 
tr^Tti. 43<J:-€-l 0 0 0 p pmC03li§fflf«*i<i:7^ci:o;/^o 

^ A 0 K <Di^mmm:^^mtii ^c^i^z^^x^^-r 
[0 0 4 8} m2<D:^mm(omm^m^^^^mi^ 

M (Y) <*:S 0^— Kc^^feV (Y) COH^^^bTl> 
-Sa ia*OiR«lTH^nfc I DT 8 0 0 ti. iEft«®fi 
^(hCti^^^-r^^m^^^S 0 5^8 0 4:^^^,;^j:^o 
ffllBI DT;&^*C><^il&S:;i^T->i/A';^MI8cP YM 30 
(Y) fl. ^8©TSS<Z)if*tt8 0 0±P5<Z)I 
DTtC^^AL^LTl^^o HtfBI DTOSffiJi^^MS^iit^- 
T8 0 9c;);^iSI^^5=->v^;HifiP YM= 1 (h— Si: 
/cC-So CO«tffiJCTt#^n'5)S 0^:-H^fiV (Y) 

t,t^-:>X\^^^. ^co^^©Ytt:^j^<0#tt^ffigtCOSt^ 
k tiffin* W«C/jN$<. tSoTiSfiUWfCA f x^f = a' k 

Oiffi^h/ji'S (|gI4 4'(Z)P.>S) • /t^b^b, ffiriea' {^Btiai 40 
COS: (2) *coatclt^i-r'5o o^lc, lii4+cOQ.^jc 
^ct^Sf ^fii^T&^lil 9 X^^o 9 0 0 O^R«|tcH^n/2: 1 
DTtl. 2OC0SAW^^ig^C0I DTgPS:j^-&L;^c4«li 
0 , lESttcD^m^g^ 9 0 5 9 0 1 <h 9 1 

1^3^)^^-©SAW*tfi^<0I DTT^O. sEm^<D^^ 
9 0 4 ^mffiJi 9 0 2 i: 9 0 4 ^XW. 2 CDS AW 
^tS^O I DTX^^o M.m^<DS^mmi^ 9 O 6fi-#: 

'Dm&Wi^^y'>i^^JmmPYU (Y) ^StiTI5 
\Z$>^fS^m»i9 0 9 <h;^j:'5o Mfiittco«&m»f*9 0 6 50 
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^c#A^n^s o^-K(o^fiM^v (Y) {t. 

9 0 7(^><fc"3tC2:P(Oi|iiO/h$0iS 0^— Ht&^'iI^*:! iS 
S (2b + d) tC^liT*S^bfc^fi«^^<t^o Sfo 
TY^;&ffij (9 0 8) tceM-r^#tt^®?a<^iSiSkti 

k''(Dmm^^^&mmmtmMm\zi^^<r^^o a± 

3 Q •S*^ P ct 0 :^ # S T » o 
[0 0 4 9] K±JcS-::?^i^f^LT^>5^, ^h.^ 

/^^*»PftLci:^<h'r-5^li2) (O/h^ibtCf^^UT. WkMcD 
1) T^^, :7>f ;i.:$^co®ig«^*i<D/2:^«ft^^3^-r 

fco ;in6^^J^-r^<h, a) :7^;i.^^^^TaS:^ 
&i^^t«;^-HAO(^QfiS<g;To b) ii5:*<>/N-^::i 

^y^^-K^ns^i-r^xyurxo^^o c) :7^ji/ 

iJ^^tttC^Si/^T, »:®^M^»<Z)«J!jn (4 0dB) X^ 
[0 0 5 0] ^-r. HffkliCOa) coi^a^^0JLfc?>gm. 

iMigm DT <Dmmm±iz^^'r^iEMm^f)^mmi^x 
(DQm^&y^'&rc^hiz^'Drzo Qmcommt. mm 

<DSO F?5^ 8000^-10000, AO 

4 0 0 0T^^ i^^e— \^ \,tm 6 ^m) <> 
[0 0 5 1] mBS.Ao^—}^(o^f)^Qmi&T^U'Drzm 
mit. m3(Dmmmmx^^3 I 5<Dmm^mm\z^^> 

^mz}tmi'rzm^f)mmm±^zm^i^^ mmmm. 

CtlZ^^o C*l{C*fLTS 0^:— H (1^303 13) 

\t. mmmi^3 1 5\z:}o\.^xmmi^x^D. mmmmt 
mti-rp^^m^^^^vta^'^o m-oxcimmiit. taie 
s oi:Ao^:-Kfc*fbT, '^mt^^o ^^m^o)mm 

o^-\i(D^mmm^m-tLx. y^ji^^^comM^m 

-tcbT, mmm^mm^mm^zr^ctf)^smx^ 

[0 0 5 2] o^tc. b) (Dmm^nmLfzi^^it'o^ 

ifAa^^3, 4 d B|iSt-r'2>^ca^)tC(i. m^T^^ 
^E— KcOQfiS: 1 2 0 0 0 SS^tC-T^ C (h^&^M^ bl^o 

^mm^it^m^x. mmmm^^mm'r^:i^t)m^ 
nxif^^-^^. zti^n-Dtzmi^z. x^utxt^^mi 

15, 116, 11 7 m\z7jk^ n^^mm (sas) 
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n^mmm^^m^ (X) ^ )V^ay^^:f5\^X(r>^^ 

\zm\^XUti^t^^^hX^^. ^i^^- K S 1 {en 

[0 0 5 3] 0^{C, mfiec) coMBg^^g^u^cif^m, 

4 0 d B&mizmi\:^^rzisbx3b^o ^iit'ox:imm 
\ts I DT(DB}mmm^mtj.'^tj:^^<k'^\z-r^ztx$> 

[0 0 5 4} ^t*^a> gl 1 lit. m&^&mM^T.:/ 

UTX^-HLA0^Kl£E'r^^J6(h, A:'jfiiJ<htti*fi(J 

mint. m2iimmz2^—)im(DSAwy^)i^^ 
2m^iitmmmLrzh(Dx$>^o m^<D^^ii<D^mt. 20 
1100 \tyi(.^m^^i^f^^mmi^^^. 1101^11 

ijmt:mt}m'^'^t>itrziDT±iii. 104^105 « 

mxtjmT. 110 7 itMmmcDxtfisi'. 1 1 0 s <i: 
1 1 0 9\tmi(osAwy^)v^<Dmttm<DM.mm(Dia 
1113 \tmmmi^T. iiiotiiiitiiai 
x-t^^x^-o rz^mmo)ii^mmi^^^<o^^xmmmx 

^'oX2r:>\Z^mvrz^CDX^^o ^fz. 1 1 14{iY 
tt, 1 1 1 5litxmx^^. m2(DSAWy^ Ji^^ 1 1 30 

0 2 f^m 1 tm-oytztbrnm^mmr^o m 1 1 (d^j^. 
lit. mm<DMmm<D^mmm^ 2'z>\z»mLx\^^^z.t 

i^co**^ (Yffti 1 i4\z^^T^) \zmvxmtm 

X$}^CtX^^. CtltCOl>T«, g|l 2tC$^{Ci¥ 

mi^fzo mi 2^(Dmmi 2 0 3f^, mi KDxmtm 
—x^^. mMi\txtim<D I DTi^^-feomsffi^SMtiwc 
(X) (1 2 0 2) (omnmx^^. m^^<DmwLi 2 0 

0 f)^:^%m(om^^m.mn^=e- k l a 0 b^si^xy 

U7X:f&^^^L/j:(^i«'g'T^0. 120imffeLA0 40 

=e-\^f)^^t^^x'f^)Tysf)m^^^m'^x^^. mm. 

1 2 0 0\t\T>T(r>±&X^4r:>\zm^\^X. ffllSclHl 

-KxyurxLAots, miQ(o:^%miz^^y^)v 
^B.m.^^m^(D 16 0 1 Tf^^n^feoT^-So 

[0 0 5 5] -D^izm 1 3 ti. *^B.gco^ 2 S^- H S 
A W:7 ^ ^m&'t^ S 0 t A 0 ^- H (D^m^Wi 

m'^QA.hQsm^\^±.\^t^'DmmhT^rz^(omm 
/^^—><o—mmnxi^'DX±v^(D^^^^vtz. m^ 
(oi zo i\tm^m(r>^^\zmm\^rzxmi. 1302}* 50 
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YttT^^o 1 3 0 3, izoA(Dmmt. mm^iz 

1 0^^ 13 0 1 <DXWfr3aSgLT*^H«(CT, ffli^^X 
^-X{CT^M'JLTli>5>gl5&T&^o [^1S{CSI^1 3 0 
5 text). iESttffliJtCS^^Ui^mSfil 3 0 9\ti^m^ 
n'Tli-5o S^oT53'^U;^cffiSJ§gP^l 3 1 2ti, lE^ 
1 3 0 9{Clg^L^ct»c^ctO. ^i'BILTi.^^^i'fcntWtB 
A 0 ^- KcOiEm?^^0jfeSii-rx;^;i.:¥^-ti^^^M-e 
#^0 M<m^tz^m.l 305(hl306Ji, ^^X:h 

fflij<hm*fflijc^ I Y>T<omi^j}ummm^mm^cA{i)f)^ 

m^^^m^mmx^D m\zYJcxf^<'NCAhm^\^ 

tz) . 1 3 0 5 ^ 1 3 0 6{lSfi;&^*#Llio ^(D^o\Z 

-r-sciitcct 0, wiBs 0 a:AO(7)*ii-r^s^s^a^^* 
#L<;^iD> y-()v^<Dm^^'&f)^W'm,^f^^. ^tzm 
1 3CD1 3 0 3^1 3 0 5<7)iBa«^«^^nti, xijh 
m A fiu D T w c a ;^>^'a;^^ -5 ^ <h c ^ 

fea6, 1^1 6<D1 6 0 4(0««K^MfiStl-4 OdB:^^ 

^- 6 0 d BiS< {cM^f 

[0 0 5 6] *tcg|l 4tCmffSS 1^— ka:/utx 

(^i6<Di602 (D.^M) ^nm.^^rz^(Dm^^7r^ 

To ia*<0 1 4 0 0 tiXtt, 14 0 1 fc^Ytto iiS^rt 1 

4 0 2H*^^(Di5^lx-r5=--< >^iKcoms«i«:^^e>:^ 

^. mw.s i^—Y(D^^^m^^'^^rz^(Dm.^x^ 

0, Cn(il DT<DmSf&«g«^l 4 1 lO&tC^SPplSG 

^PiTT^^t^iB P{Ct3;^coT, IDT14 11<h[^ — 

(Dmmmm& (#ftSffiiSco?ssA-2PT^t5{Si^ 
i'\txm^}^\z'7—nM^^uvxmt'r^^^^mtz 

"^^Zihti^X^^. 1 4 0 3 tiHulBm@lt»<^SSgB^5g 

^^^fz^cD^^mm^. 1 4 0 4,h 1 4 0 s^t^ms 

ffi, 1 4 0 6cZ><5tiH9l2Xfai 4 0 0:&f^<h, 140 3 
(Dp^m^W^(DUt(0^'^'^X'^)Vhnh^Z^. 14 0 7 
t^^M§§X^O> SI*§§<D^>agBfl. b5IB^K^^> 

^^mmmwLo^^i^mzmi-wvt^o nm^wt(oiA 
0 8 («^) m^i 4 0 2(D^\y-(^^ y^^mm 

mv (Y) t,. mm^xy^^-o^^mm^mt^n^'r 

^^^OmrlBS l^:-KO^fi[«;MV * (Y) 140 9 

{mm ^m7r^vrz^(Dx^^. i^i^TScopg 

S^^CDM^l 4 0 1 ti. 0 1 4(7) I DTg|$i4(DY$fi±(0 
m^i/Jj^Wi- -5 > V ^ ;HI3SC P Y M 

(Y) ^|lI^L/zt>CD'Tf^^o 

[0 0 5 7] O^tC, lai 4CDeiJ5ictC<fcoTB9IBS 1 

-Y^tmj^'^n^^'f-^mi mi7^m\^^xmmr 
^zLLfi^x^^o ^'rmi^\tm%zmi4a>mm^m'r 
^^mm"^- vx^^mm^iSinm^- k s o ( i 5 o 

1) . ^S*iS^^I^^-HA0 (1 5 0 2) . i^ll^K 

nW'e- K s 1 (1 5 0 3) fi^T^T. Htiia«|iiB p ^^{b 

$-a:fc^^(7)^iS^^>fh: (Af/f (ppm) ) <7)^^^ 
iin6i^1±«> (4) , (5) \Z 



(10) 

17 

lit. G7&^VJx^l,iigS 1^:— KO^&T^^'^ffliil 4 0 2 

f)^. Ri*§g 1 4 0 7f)^tf/^-r^mm^^\t'rn^rc 

®H3&^3i6fi?&^6 4&SffiH^^-^t/^o S;^c8afe5f^;^h^l 
Sift^fi:7&^*5^;Phft^#-r^«&«^^ (1^14<Z>14 0 

3) izm-r^mms i^—i^cD^^zmm^v^^o j^±<d 

fi. iS^I^CD- 2 0 d B7!j^e- 4 0 d BSStCfflJHpJfigT 
$>'5o Iill6<^1602<tl603 (C^cOfll^^^L 30 

}^ o 

[0 0 5 8] J!^±. ^mm<Dm2&'e— \^ s Av/y ^ )v 
^(Dm^^^^rsf^^z-D^mrnvr^. m^mitTi^^sT 

hx^j:<. •^(biz^rz7\^^Bi^A^<DE.mminx-^^x 

t> il ^ T ^ -5 C ^ ^ 1 1 < ^ -5 o 
[0 0 5 9] 

imM(r>yj}m ^±m^rzj:o\zi^mm\zj:nitt. 

(i^K^SIS^ffi ^^Xm 2 a^:— H S AW^ ^ JV^(D/l^m 40 
^l:€:t^;d^^{C^bT> mJieS AW:7^;l/^^^^f >5 2 

^©«itt#JcDi^mS^$:^> ^^C^)J|ii:^ffi]Y(C*fLT2'0 

2 c>offlti:;^cn#^^^- H s 

0, S*:i6^J**i^^-KA0PBlOi^SiScM<&«£*cfcD;^ 
mziK^f^Zt^^X^^fzib. m2fi^- K SAW:7>< 
Jl':$'(^jSi^SS'ti^3 0%i£tf5c:<h;5^T^, PHS 
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f&miky^)v^^-itim\zm^x^^o^^\zmrc. id 
Toj^scM^e o;!)^e> 1 2 omi'PUKmm'r^^t^z 

t-/)^m^m^muu'^'^^zit\zj:'Dxm^^^m^(DM 

^-r^cL\z^-z>xmmx^^rz.i5b. y^)v^(D^^^ 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an excellent intermediate frequency 
filter applicable to a portable telephone set such as a PHS and a GSM by 
attaining a broad frequency band and miniaturization of the lateral dual mode 
SAW filter (high frequency narrow band multiplex mode filter) employing, e.g. a 
crystal substrate. 

SOLUTION: In th case of integrating IDTs 101 of two SAW resonators 127, 129, 
a frequency of a basic wave symmetrical mode SO of two specific vibration 
modes in use is decreased by arranging a shared feed-conductor pattern (bus 
bar) on the negative polarity side in such a way that a plurality (two or over) of 
positions are taken in the width direction and this arrangement is repeated 
periodically In a propagation direction X of a surface acoustic wave, thereby 
extending the pass band width of the filter. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Since the surface acoustic wave which at least one blind-like electrode 
and said blind-like electrode generate is reflected in the both sides on piezo 
electric crystal monotonous, In the horizontal duplex mode SAW filter which 
adjoined each other to the propagation direction X of said surface acoustic wave, 
and has arranged two SAW resonators with one pair of reflectors almost in 
parallel the electric supply by the side of the negative electrode of the blind-like 
electrode which said two SAW resonators have - a conductor Make the shape of 
a square wave as plurality, and the coordinate location which breaks crosswise 
which makes it one, and uses in common, and intersects perpendicularly in the 



aforementioned propagation direction X is formed. The horizontal duplex mode 
SAW filter characterized by for the crossover electrode digit WC of said blind-like 
electrode taking two or more dimensions, meeting in the direction of X, and 
changing with these by turns. 

[Claim 2] the electric supply by the side of the negative electrode which said 
blind-like electrode has - the horizontal duplex mode SAW filter according to 
claim 1 to which the coordinate location of the direction of Y of a conductor is 
characterized by taking two Y coordinate (Y1 , Y2) by turns. 
[Claim 3] the electric supply by the side of the negative electrode of said blind- 
like electrode to share - the horizontal duplex mode SAW filter according to 
claim 1 to which the direction electrode width of face of X of the part (1 13,1 14) 
crossed crosswise sets wavelength of a surface acoustic wave to lambda, and is 
characterized by being lambda/4 of odd times about a conductor. 
[Claim 4] The horizontal duplex mode SAW filter according to claim 1 to which 
the dimension WC12 of the field which overlaps crosswise [ of said blind-like 
electrode ] sets wavelength of a surface acoustic wave to lambda, and is 
characterized by being the range below Slambda more than from 2lambda. 
[Claim 5] The horizontal duplex mode SAW filter according to claim 1 
characterized by compounding the transmission characteristic of said horizontal 
duplex mode SAW filter from the fundamental-wave symmetric mode SO 
belonging to the transverse mode, and the fundamental-wave oblique symmetry 
mode AO. 

[Claim 6] The horizontal multiplex-mode SAW filter according to claim 1 
characterized by for said piezo electric crystal plate being Xtal, and being ST cut 
X propagation bearing of a 30 - 45-degree rotation Y cut. 
[Claim 7] The horizontal duplex mode SAW filter according to claim 1 to which 
said piezo electric crystal plate is Xtal, and it is ST cut of a 30 - 45-degree 
rotation Y cut, and the sum total (WCT=WC1+WC2+WC12+G1+G2) of the width 
of face of said blind-like electrode is characterized by 12lambda to 20lambda 
carrying out the range, having used wavelength of a surface acoustic wave as 



lambda. 

[Claim 8] the logarithm of the blind-like electrode which said one SAW resonator 
has - the conductor of 120 to 60 pairs of range, and a single-sided reflector 
the horizontal duplex mode SAW filter according to claim 1 characterized by a 
number being within the limits of 80 to 140. 

[Claim 9] the electric supply by the side of the negative electrode of the blind-like 
electrode which said two SAW resonators have the horizontal duplex mode 
SAW filter according to claim 1 characterized by having divided the conductor 
into two in the center of the cross direction, and insulating between I/O side 
terminal pairs electrically by this. 

[Claim 10] the electric supply by the side of the negative electrode of the blind- 
like electrode which said two SAW resonators have ~ the horizontal duplex mode 
SAW filter according to claim 1 to which the coordinate location where a 
conductor breaks crosswise which intersects perpendicularly in the 
aforementioned propagation direction X is taken even times, the shape of a 
square wave is made and formed, and change of the crossover electrode digit 
WC of said blind-like electrode is characterized by to be axial symmetry to Chuo 
Line of said X shaft orientations by this. 

[Claim 1 1] The horizontal duplex mode SAW filter according to claim 1 
characterized by having prepared the part without a thin conductor and the width 
of face WCA which the electrode finger of the fonA^ard negative polarity of said 
blind-like electrode intersects carrying out division separation of one of the polar 
electrode finger patterns so that crosswise Chuo Line of said two SAW 
resonators may not be crossed. 

[Claim 12] The horizontal duplex mode SAW filter given in claim 1 written to 
which the electrode gross area which the width of face WCA which the electrode 
finger of the fon/vard negative polarity of the blind-like electrode which said two 
SAW resonators have intersects forms is characterized by the mutual electrode 
gross area about said fundamental-wave symmetric mode SO and the 
fundamental-wave oblique symmetry mode AO being almost equal equally [ to 



mutual ]. 

[Claim 13] the electric supply by the side of the negative electrode of the blind- 
like electrode which said two SAW resonators have a conductor Take the 
coordinate location which breaks crosswise which intersects perpendicularly in 
the aforementioned propagation direction X even times, and the shape of a 
square wave is made and formed. Change of the crossover electrode digit WCA 
of said blind-like electrode receives Chuo Line of said X shaft orientations by this. 
Axial symmetry and nothing, The width of face WCA which the electrode finger of 
the forward negative polarity of said blind-like electrode intersects so that 
crosswise Chuo Line of said two SAW resonators may not be crossed the 
electrode gross area which the width efface WCA which the electrode finger of 
the foHA^ard negative polarity of the blind-like electrode with which a part without a 
thin conductor is prepared, division separation is carried out, and said two SAW 
resonators have an electrode finger pattern intersects forms equally to mutual 
The horizontal duplex mode SAW filter according to claim 1 characterized by 
doubling and having having also **(ed) mostly the mutual electrode gross area 
about said fundamental-wave symmetric mode SO and the fundamental-wave 
oblique symmetry mode AO. 

[Claim 14] A horizontal duplex mode SAW filter given in either of claims 1-13 
characterized by cascading two steps of said horizontal duplex mode SAW filter. 
[Claim 15] Since the surface acoustic wave which at least one blind-like electrode 
and said blind-like electrode generate is reflected in the both sides on piezo 
electric crystal monotonous, In the horizontal duplex mode SAW filter which 
adjoined each other to the propagation direction X of said surface acoustic wave, 
and has arranged two SAW resonators with one pair of reflectors almost in 
parallel On the outside of the cross direction of the blind-like electrode formed as 
it is also at the crossover electrode digit WC which said two SAW resonators 
have, and a reflector field the space length G - separating - vibration of the 
primary horizontal symmetric mode SI ~ the horizontal duplex mode SAW filter 
characterized by preparing the electrode field of the shape of a grating of the 



width of face BP formed with the electrode fingers which consist only of the same 
polarity which was made to reveal that it is only strange, and was constituted so 
that it might be made to decrease. 

[Claim 16] The horizontal duplex mode SAW filter according to claim 15 to which 
the number of said space length G is three from two waves of a surface acoustic 
wave, and width of face BP of the electrode field of the shape of said grating is 
characterized by being four waves from three waves. 
[Claim 17] the electric supply which short-circuits the edge of the electrode 
fingers which form the electrode field of the shape of said grating, and supplies a 
current - the horizontal duplex mode SAW filter according to claim 15 
characterized by for the inside of a conductor having met the propagation 
direction X shaft orientations of said surface acoustic wave, and making a taper- 
like configuration. 

[Claim 18] the electric supply which short-circuits the edge of the electrode 
fingers which form the electrode field of the shape of said grating, and supplies a 
current - the horizontal duplex mode SAW filter according to claim 17 
characterized by for the inside of a conductor having met the propagation 
direction X shaft orientations of said surface acoustic wave, and making the 
configuration of the shape of a taper of 2 to 3 times. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the horizontal duplex mode SAW 
filter which realized broadband-ization of a filter in the resonator mold SAW filter 
constituted using a surface acoustic wave using the two independent transverse 
modes obtained by carrying out parallel arrangement of the SAW resonator 
beside two. 
[0002] 

[Description of the Prior Art] As a horizontal duplex mode SAW filter of the 
conventional resonator mold, the so-called horizontal duplex mode SAW filter (an 
alias name RF narrow-band multiplex-mode filter) which carried out parallel 
arrangement of the two SAW resonators is famous by its side (JP,2-16613,B). If 
a filter is constituted from a Xtal ST cut X propagation substrate which is a 
rotation Y cut of about 30 to 45 degrees in which the frequency temperature 
characteristic was excellent using this method, the flat-surface size of a 
component expresses by 2mmx6.5mm, 3dB bandwidth of a two-step 
subordination connection filter expresses with fractional band width, and about 
700 ppm and the outstanding property of 5dB of insertion losses are acquired. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if the conventional 
technique of the above-mentioned horizontal duplex mode SAW filter was used, 
it had the fractional band width of 1 900 to 1000 ppm demanded in the 
intermediate frequency filter (IF filter) used for the cellular phone of the GSM 
method which shows development remarkable in recent years, or a PHS method, 
and a thing with a 2 and a flat-surface size [ of a container ] of less than 
3.8x3.8mm was not able to be realized by the engine performance can be 
satisfied with said Xtal ST cut of the engine performance. 



[0004] It is not rich and about the fractional band width which analyzes an 
unrealizable cause and which is the technical problem of 1 In nine waves from 
the width method 7 of one SAW resonator the appropriate filter impedance ZO is 
obtained in the above-mentioned conventional technique The delta frequency of 
the two independent native modes SO (fundamental-wave symmetric mode) and 
AO (fundamental-wave oblique symmetry mode) which has determined the 
aforementioned fractional band width is because it does not become larger than 
this by about 700 ppm. About the size which is next the technical problem of 2, in 
containing a component in the aforementioned container flat-surface size The 
blind-like electrode which constitutes one SAW resonator by setting component 
size to about 2x3mm (henceforth) the electrode finger which made one pair the 
foHA/ard negative electrode which is omitted and is written as IDT (Interdigital 
Transducer) - the reflector of M pairs of logarithms, and one side - a conductor - 
- the sum of Number N It is necessary to make M+N or less into about 200. For 
this reason, the excitation reinforcement and the displacement transfer factor of 
resonance amplitude of a SAW resonator which constitute a horizontal duplex 
mode SAW filter will decrease, and the transmission characteristic of said SAW 
filter will deteriorate [ free ]. 

[0005] in order [ furthermore, ] to improve the insertion loss which is the one 
property of the aforementioned transmission characteristics as the 3rd technical 
problem - a reflector - a conductor - although it is possible to thicken electrode 
layer thickness in order to compensate the insufficiency of a number, length and 
horizontal higher-mode spurious level will increase by this. 
[0006] Then, it is in there being nothing to the former, and excelling broadband- 
izing and a miniaturization of pass band width in a scale and frequency stability, 
and S/N providing a commercial scene with a good IF filter using the substrate in 
which this invention solves such a trouble, and the purpose was excellent in the 
frequency temperature characteristic like the Xtal ST cut, and the Q value of an 
ingredient was excellent. 
[0007] 



[Means for Solving the Problem] (1) The horizontal duplex mode SAW filter of 
this invention Since the surface acoustic wave which at least one blind-like 
electrode and said blind-like electrode generate is reflected in the both sides on 
piezo electric crystal monotonous, In the horizontal duplex mode SAW filter 
which adjoined each other to the propagation direction X of said surface acoustic 
wave, and has arranged two SAW resonators with one pair of reflectors almost in 
parallel the electric supply by the side of the negative electrode of the blind-like 
electrode which said two SAW resonators have - a conductor It is characterized 
by making the shape of a square wave as plurality, forming the coordinate 
location which breaks crosswise which makes it one, and uses in common, and 
intersects perpendicularly In the aforementioned propagation direction X, for the 
crossover electrode digit WC of said blind-like electrode taking two or more 
dimensions, meeting in the direction of X by this, and changing by turns. 
[0008] (2) the electric supply by the side of the negative electrode which said 
blind-like electrode has in the above (1) - the direction coordinate location of X of 
a conductor is characterized by taking two Y coordinate (Y1, Y2) by turns. 
[0009] (3) the above (1) ~ setting ~ the electric supply by the side of the negative 
electrode of said who-IIke electrode to share ~ about a conductor, the direction 
electrode width of face of X of the part (113 114) crossed crosswise sets 
wavelength of a surface acoustic wave to lambda, and is characterized by being 
lambda/4 of odd times. 

[0010] (4) In the above (1), the dimension WC12 of the field where the electrode 
finger crossover width of face which said two SAW resonators have overlaps 
about the cross direction sets wavelength of a surface acoustic wave to lambda, 
and is characterized by being the range below Slambda more than from 2lambda. 
[0011] (5) In the above (1), the transmission characteristic of said horizontal 
duplex mode SAW filter is characterized by being compounded from the 
fundamental-wave symmetric mode SO belonging to the transverse mode, and 
the fundamental-wave oblique symmetry mode AO. 
[0012] (6) In the above (1), said piezo electric crystal plate is Xtal, and it is 



characterized by being ST cut X propagation bearing of a 30 - 45-degree rotation 
Ycut 

[0013] (7) In the above (1), said piezo electric crystal plate is Xtal, and it is ST cut 
of a 30 - 45-degree rotation Y cut, and the sum total 
(WCT=WC1+WC2+WC12+G1+G2) of the width efface of said blind-like 
electrode is characterized by 12lambda to 20lambda carrying out the range, 
having used wavelength of a surface acoustic wave as lambda. 
[0014] (8) the logarithm of the blind-like electrode which said one SAW resonator 
has in the above (1) - the conductor of 120 to 60 pairs of range, and a single- 
sided reflector ~ it is characterized by a number being within the limits of 80 to 
140. 

[0015] (9) the electric supply by the side of the negative electrode of the blind-like 
electrode which said two SAW resonators have in the above (1) - it is 
characterized by having divided the conductor into two in the center of the cross 
direction, and insulating between I/O side temiinal pairs electrically by this. 
[0016] (10) the electric supply by the side of the negative electrode of the blind- 
like electrode which said two SAW resonators have in the above (1) - the 
coordinate location where a conductor breaks crosswise which intersects 
perpendicularly in the aforementioned propagation direction X is taken even 
times, the shape of a square wave is made and formed, and change of the 
crossover electrode digit WCA of said blind-like electrode is characterized by to 
be axial symmetry to Chuo Line of said X shaft orientations by this. 
[0017] (1 1) In the above (1), width of face WCA which the electrode finger of the 
foHA/ard negative polarity of said blind-like electrode intersects is characterized by 
having prepared the part without a thin conductor and carrying out division 
separation of one of the polar electrode finger patterns so that crosswise Chuo 
Line of said two SAW resonators may not be crossed. 
[0018] (12) In the above (1), the electrode gross area which the width efface 
WCA which the electrode finger of the fonA/ard negative polarity of the blind-like 
electrode which said two SAW resonators have intersects forms is characterized 



by the mutual electrode gross area about said symmetric mode SO and oblique 
symmetry mode AO being almost equal equally [ to mutual ]. 
[0019] (13) the electric supply by the side of the negative electrode of the blind- 
like electrode which said two SAW resonators have in the above (1) - a 
conductor Take the coordinate location which breaks crosswise which intersects 
perpendicularly in the aforementioned propagation direction X even times, and 
the shape of a square wave is made and formed. Change of the crossover 
electrode digit WCA of said blind-like electrode receives Chuo Line of said X 
shaft orientations by this. Axial symmetry and nothing, The width efface WCA 
which the electrode finger of the forward negative polarity of said blind-like 
electrode intersects so that crosswise Chuo Line of said two SAW resonators 
may not be crossed the electrode gross area which the width of face WCA which 
the electrode finger of the forward negative polarity of the blind-like electrode with 
which a part without a thin conductor is prepared, division separation is carried 
out, and said two SAW resonators have an electrode finger pattern intersects 
forms equally to mutual The mutual electrode gross area about said symmetric 
mode SO and oblique symmetry mode AO is also characterized by doubling and 
having having made it almost equal. 

[0020] (14) It is characterized by cascading two steps of said horizontal multiplex- 
mode SAW filter in either of (13) from the above (1). 
[0021] (15) The horizontal duplex mode SAW filter of this invention Since the 
surface acoustic wave which at least one blind-like electrode and said blind-like 
electrode generate is reflected in the both sides on piezo electric crystal 
monotonous, In the horizontal duplex mode SAW filter which adjoined each other 
to the propagation direction X of said surface acoustic wave, and has arranged 
two SAW resonators with one pair of reflectors almost in parallel On the outside 
of the cross direction of the blind-like electrode formed as it is also at the 
crossover electrode digit WC which said two SAW resonators have, and a 
reflector field It is characterized by preparing the electrode field of the shape of a 
grating of the width of face BP formed with the electrode fingers which consist 



only of the same polarity constituted so that the space length G might be 

separated, the vibration displacement of the primary horizontal symmetric mode 

S1 might be made to reveal and it might be made to decrease. 

[0022] (16) In the above (1) and (10), the number of said space length G is three 

from two waves of a surface acoustic wave, and width of face BP of the electrode 

field of the shape of said grating is characterized by being four waves from three 

waves. 

[0023] (17) the electric supply which short-circuits the edge of the electrode 
fingers which form the electrode field of the shape of said grating in the above 
(15), and supplies a current - it is characterized by for the inside of a conductor 
having met the propagation direction X shaft orientations of said surface acoustic 
wave, and making a taper-like configuration. 

[0024] (18) the electric supply which short-circuits the edge of the electrode 
fingers which form the electrode field of the shape of said grating in the above 
(17), and supplies a current - it is characterized by for the inside of a conductor 
having met the propagation direction X shaft orientations of said surface acoustic 
wave, and making the configuration of the shape of a taper of 2 to 3 times. 
[0025] 

[Embodiment of the Invention] About this invention, before explaining a concrete 
example, theoretical description is performed, and an understanding of this 
invention will be helped. 

[0026] A plate is cut down from piezo electric crystal ingredients, such as Xtal, 
lithium tantalate, PZT, and a tetraboric acid lithium. After carrying out mirror 
polishing of the front face, it intersects perpendicularly to the phase propagation 
direction of surface acoustic waves, such as the Rayleigh mold, a ram mold, the 
Leakey mold, and a BGS wave, for example, a large number which consist of 
metal aluminum are parallel ~ IDT which has arranged the electrode finger of a 
conductor periodically is formed, further, many strip conductors are arranged in 
parallel and periodically on the both sides, the reflector of a pair is constituted on 
them, and the SAW resonator of 1 port mold is formed. 



[0027] In the aforementioned SAW resonator, as the main point at the time of 
constituting said IDT, when it considers as M pairs, having used a positive 
electrode and the negative electrode as one pair, after defining total reflection 
coefficient ** in the whole electrode finger of IDT as a degree type (1) 10>**> It is 
known that the so-called energy confinement mold SAW resonator (bibliography: 
an energy ****** surface acoustic wave resonator, the **** technique US 87-36, 
pp 9-16 (1987. 9.)) which 0.8, then vibrational energy concentrated in the center 
of a resonator will be realizable. 
[0028] 
[Equation 1] 

**.. = 4MbH/lambda(1) 

However, for M, said logarithm of IDT and b are [ the thickness of said conductor 
and lambda of the reflection coefficient of the surface acoustic wave per 
electrode and H ] the wavelength of a surface acoustic wave here. 
[0029] For example, if it is IDT formed with said aluminum conductor steel 
reinforced with ST cut quartz plate, M= 80 pairs, then the 1 port SAW resonator 
of drawing 1 can be constituted as b= 0.255 and H/lambda =0.03. At this time, it 
becomes about gamma= 2.448. Therefore, about M= 80 to 1 port mold SAW 
resonator is used for the horizontal duplex mode SAW filter of this invention, and 
it is thought possible to achieve the miniaturization of component size (technical 
problem 2 which invention tends to solve). 

[0030] Furthermore, since in solving the technical problem 1 which invention in 
the horizontal duplex mode SAW filter of this invention tends to solve the 
vibration displacement and resonance frequency in the mode called the so-called 
transverse mode were computed using the theory expressed below and the filter 
was designed, these contents are explained in order. Said transverse mode is 
the normal mode of vibration which exists depending on the die length of the 
cross direction (Y shaft orientations which intersect perpendicularly to the 
propagation direction X of a surface acoustic wave) of a SAW resonator, and it is 
common that the die length of said cross direction points out the electrode finger 



crossover width of face WC which IDT has. In this electrode finger crossover 
width of face WC, it is the dimension of the cross direction where the electrode 
finger of straight polarity and negative polarity serves as arrangement which laps 
mutually. 

[0031] Next, the writer etc. draws and exhibits the differential equation which 
already governs these transverse modes as an approach for calculating the 
vibration displacement of a SAW resonator simple about the cross direction (it 
considers as a Y-axis) of the aforementioned SAW resonator (a tree, Momozaki, 
others: "dynamic in ordinary temperature and a K cut Xtal SAW resonator with a 
static zero temperature coefficient", Institute of Electrical Engineers of Japan 
electronic-circuitry technical-committee 25thEM symposium and pp 79-80, 
(1996)). Anew, it will become an equation (2) if this equation is described. 
[0032] 
[Equation 2] 

aomega02(Y) V(Y) YY+{omega2-omega02 (Y)} V(Y) =0 (2) 
the component angular frequency of the field where angular frequency and 
omega 0 (Y) correspond here in omega, and a - a crosswise effectual shear 
stiffness constant and V (Y) - a crosswise surface acoustic wave - the 
amplitude of a variation rate and Y are the Y coordinate standardized on the 
wavelength of a surface acoustic wave. Moreover, omega 0 (Y) is the amount 
which converted the rate of the surface acoustic wave in Coordinate Y into 
angular frequency, and it will be called a frequency potential function. This 
frequency potential function changes with the functions of thickness [ of the 
aluminum metallic conductor film which exists in the propagation path of a 
surface acoustic wave ] H (Y) [ near the operating point of a SAW resonator ]. 
More generally changing with the function of mass [ of an aluminum metal ] m (Y) 
Is checked. Therefore, in the blind-like polar zone which constitutes the principal 
part of a SAW resonator, omega 0 (Y) is mostly determined by mass m (Y) which 
a blind-like electrode has. That is, it is omega 0 (m (Y)). In the aforementioned 
Xtal ST-cut, since film thickness is thin, above omega 0 (Y) descends linearly 



proportionally mostly to m. 

[0033] It is [0034] when it divides by the frequency omega 002 used as criteria in 
a formula (2), in order to simplify count here. 
[Equation 3] 

aQ2(Y) V(Y) YY+{omega2-Q2(Y)} V(Y) =0 (3) 

Here, omega=omega/omega 00 serves as normalized radiam frequency, and Q 
(m (Y)) serves as a potential function. 

[0035] Displacement amplitude V (Y) The approach of searching for is calculable 
by the integral serially as follows, for example. 
[0036] 
[Equation 4] 

V (Y, Q) = SV (Y) .,dY+c 0©8t) (4) 

0 

t 

fc«U V (Y. Q) ., =-$ {Q»-Q'(Y)} va)/aQ*(Y)dY 

0 

Although V (Y, omega) of a formula (4) is the function of normalized radiam 
frequency, the displacement amplitude which occurs actually is obtained in 
omega given by the degree type which is the minimum principle of energy. 
[0037] 
[Equation 5] 

00 

d (2E (Q) ) /5Q=$V' (Y, Q) dY=0 (5) 

0 

It is the basic type of count which (5) used for this invention from the above 
formula (1), and the horizontal duplex mode SAW filter which becomes the 
below-mentioned concrete example using these is designed, and since the 
prototype was manufactured and measured, these are explained in order. 
[0038] (Example 1 ) Order is hereafter explained for the gestalt of operation of this 
invention later on from drawing 1 . Drawing 1 is the example 1 which expressed 



the electrode pattern used for the horizontal duplex mode SAW filter which is a 
kind of the horizontal multiplex-mode SAW filter of this invention with the top view. 
In addition, the shaft with which +X shaft orientations, the aforementioned +X, 
and 126 cross at right angles shows the direction of +Y. 
[0039] For the name like each part in drawing 1 , as for a piezo electric crystal 
plate and 101 , the whole blind-like electrode of a horizontal duplex mode SAW 
filter, i.e., all IDT(s), and 102 and 103 is [ 100 ] the reflectors 1 and reflectors 2 of 
a horizontal duplex mode SAW filter respectively, said total - the field which is 
the part of IDT (101) and where 104 surrounded with the broken line consists 
only of an input IDT of the SAW resonator 1 (SAWR#1) it is - 106 again - It 
is the field which consists only of an output IDT of the SAW resonator 2 
(SAWR#2). Furthermore, the field of 105 surrounded with the broken line is a 
duplication field where IDT of said SAW resonator 1 of 104 and 106 and SAW 
resonator 2 crosses and exists. 107 is one of the electrode fingers by the side of 
the positive electrode of said input IDT, and 108 is one of the electrode fingers by 
the side of a negative electrode (naturally, although an I/O signal is a RF AC 
signal, for convenience, one side is called a positive electrode and it is calling 
another side the negative electrode here.). Moreover, 109 is one of the electrode 
fingers by the side of the positive electrode of said output IDT, and 1 10 is one of 
the electrode fingers by the side of a negative electrode. Ill and 1 12 are the 
positive-electrode terminals (pad) of an input or an output. The pattern of 1 1 3 
and 1 14 grades is for connecting between the patterns of 1 17 grades with 115 
and 1 16,1 16 crosswise (Y), the electric supply to which said 115 and 1 16,1 17 
connect the edge of the electrode fingers by the side of said two negative polarity, 
the input IDT of the SAW resonator 1 , and the output IDT of the SAW resonator 2, 
- a conductor is shared and pattern formation is carried out to one. thus, the 
thing to constitute - electric supply - the coordinate location where a conductor 
breaks crosswise which intersects perpendicularly in the propagation direction X 
of a surface acoustic wave - plurality - **** - the shape of a square wave is 
made and it will be formed. The crossover electrode digit of IDT will take two or 



more dimensions, will meet in the direction of X, and it will change with these by 
tums. And a pattern 11 5,1 17 will take 1st Y coordinate Y1 , and a pattern 1 16 will 
take 2nd Y coordinate Y2. 

[0040] 1 18 is a conductor pattern for the conductor pattern for connecting 
between the pads of 1 19 and 120 with 117 and 123 to connect between 122 with 
a pad 121. 119, and 120, 121 and 122 are pads which give the potential by the 
side of the negative electrode of said I/O IDT. 124 and 125 grades - the 
conductor of a reflector 2 - it is a strip and the duty which reflects a surface 
acoustic wave is achieved. In this case, although it does not connect mutually, 
said 124 and 125 may be the case where it connects. The field of the arrow head 
of 127 consists of some of two reflectors 1, reflectors 2, and the part of all 
IDT(s)101, and constitutes the SAW resonator 1 on the whole. Moreover, the 
field of the arrow head of 129 consists of some of two reflectors 1 , reflectors 2, 
and the part of all IDT(s)101, and constitutes the SAW resonator 2 on the whole. 
The field of the arrow head of further 128 shows the duplication field where IDT 
of said SAW resonator 1 and SAW resonator 2 crosses. 
[0041] The piezo electric crystal plate of 100 consists of a substrate in which 
piezoelectric thin films which have piezoelectric [ of Xtal, lithium tantalate, a 
tetraboric acid lithium, etc. ], such as a single crystal and ZnO, were formed etc. 
After carrying out thin film formation of the metal membrane which has the 
conductivity of aluminum, gold, etc. with means, such as vacuum evaporationo 
and a spatter, pattern formation of IDT, a reflector, etc. which constitute the two 
aforementioned SAW resonators 127, 128, and 129 formed on above 100 is 
carried out with a photolithography technique, and they are made. The electrode 
fingers of said IDT and reflector intersect perpendicularly to the phase travelling 
direction (longitudinal direction +X) of the surface acoustic waves (the Rayleigh 
wave, Leakey wave, etc.) to be used, and are arranged in parallel and 
periodically. [ much ] The reflector of 102 and 103 illustrated as one example 
forms the electrode pattern for exciting the oscillation mode alternatively, and is 
an object for the fundamental-wave symmetric modes SO as an example. 



[0042] (Example 2) Next, drawing 2 is one example which cascaded two steps of 
horizontal duplex mode SAW filters of above-mentioned drawing 1 . 201 by which, 
as for the name like each part in drawing, 200 was surrounded with the piezo 
electric crystal plate and the fine broken line is the 1st horizontal duplex mode 
SAW filter (SAWF#1), and 202 is the 2nd horizontal duplex mode SAW filter 
(SAWF#2). The pad with which 205, and 206, 207 and 208 give the negative- 
electrode potential by the side of an input or an outgoing end, and 203 and 204 
are pads which give the positive-electrode potential by the side of an input or an 
output terminal. Moreover, 210 and 21 1 are conductor patterns which connect 
between the negative electrodes between 2nd horizontal duplex mode SAW filter 
201 and 202 with the 1st. Furthermore, 209 is a conductor pattern which 
connects between the positive electrodes between 2nd horizontal duplex mode 
SAW filter 201 and 202 with the 1st. 

[0043] Next, detailed explanation is given using drawing 3 per configuration of all 
IDT(s) (101 of drawing 1 ) used for drawing 1 and drawing 2 of this invention. 300 
surrounded with the broken line in drawing supports a part of 101 of said drawing 
1 . Said 300 of the whole consists of composition of five fields surrounded with 
the fine broken line, and they consist of joint fields 302 and 303 of 12 or 2 IDT(s) 
of IDT2,315 of I DTI ,304 of 301. the cross bus bar which connects to the 1st 
electric supply conductor pattern 308 310 which is one of the electrode fingers of 
the negative electrode of IDT1 , and is crossed crosswise [ of further 309 ] (Y 
shaft orientations) ~ minding ~ the 2nd negative polarity side electric supply ~ it 
has connected with a conductor 307. The dimension of the direction of X of the 
cross bus bar part (equivalent to 1 13,114 of drawing 1 ) crossed crosswise [ said 
/ of 309 ] (Y shaft orientations) takes one odd times the value of IMIambda 
(lambda is the wavelength of a surface acoustic wave) which is the dimension 
which does not generate spurious resonance. Since the same is said also of 210 
and 21 1 of 123, 118, and drawing 2 of drawing 1 </A> with the occasion, one odd 
times the value of IMIambda (lambda is the wavelength of a surface acoustic 
wave) is taken. By fields 302 and 315 and the 303 whole, the duplication field of 



128 of drawing 1 is covered. 305 - the electric supply by the side of the straight 
polarity of Input IDT (IDT1) - a conductor and 306 - straight polarity side electric 
supply of an output IDT (IDT2) -- it is a conductor. For 301, WC 1,302G1,315 is 
[ WC 12,30302,304 of the width method like each part ] WC2. Moreover, the 
property Fig. expressed with the stair-like property 312 arranged in the center of 
this drawing shows the normalized-radiam-frequency potential function PYM (Y) 
which said each field of IDT has. The point averaged and acquired over the 
whole X shaft orientations of IDT takes cautions to said PYM (Y). The reason in 
which this is possible is that it is treating the resonator by which reflection of the 
surface acoustic wave of an infinity time is repeated between reflectors. The 
relation of Q (Y) and PYM (Y) in the formula (3) which said operation explained 
by the way is given by the degree type. 
[0044] 
[Equation 6] 

Q(Y) =omegaOO {1/eta+(1-1/eta) PYM(Y)} (6) 

However, in the Xtal ST cut X propagation substrate which will be explained 
concretely from now on and which is a 30 to 45-degree rotation Y cut, the value 
of 0.99-0.95 is taken as eta. Under these conditions, it explains below how said 
normalized-radiam-frequency potential function PYM (Y) was given. A surface 
acoustic wave receives a perturbation according to the periodic grids structure 
with which an electrode finger builds the field which consisted of periodic arrays 
of an electrode finger first expressed in WC2 and WC12 as WC1, and a rate falls 
to Vm from the velocity of propagation Vs of the free surface. Therefore, 
corresponding to Vm, the angular frequency omega 00 (=2piVm/(2PT)) of the 
above-mentioned field is determined. PT is the array cycle length of an electrode 
finger. It can be easily understood from a formula (6) that PYM corresponding to 
this angular frequency is 1. Moreover, PYM to the free surface is PYM=0 and the 
angular frequency in this case is set to omega 00 (1/eta) ( > omega 00). the 
electric supply shown by BB in drawing 3 ~ a conductor ~ let the sections be 500 
to 1000 ppm, and a little small thing from the rate Vs of the aforementioned free 
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surface from the surface acoustic wave rate obtained in FEM analysis as 
complete covering. Therefore, x(0.001= 1 / 0.99-1) PYM corresponding to about 
PYM=0.1 . Since one fourth of the electrode finger numbers of a field WC1 
intersects the propagation path of a surface acoustic wave, it is considered that 
Field A is rate descent of about 0.25. Therefore, it is PYM=0.25. the field where, 
as for the d section, electrode fingers (310 and 31 1) exist [ the average number 
of the electrode finger of a propagation path ] first about PYM of a joint field 
finally expressed in fields G1 and G2, and electric supply of 307 - since the field 
where a conductor exists is arranged periodically at X shaft orientations, it is set 
to PYM= (1+0.1) / 2= 0.55. Moreover, the b section is considered the same way 
and are PYM= (1+0.25) / 2= 0.62. Variation-rate [ of the transverse mode 
generated with the above normalized-radiam-frequency potential funcfion PYM 
(Y) ] V (Y) is the SO mode (fundamental-wave symmetric mode) of 313 and the 
AO mode (fundamental-wave oblique symmetry mode) of 314 which were 
illustrated at the bottom of drawing 3 . 

[0045] Below, it explains using drawing 1 0 from drawing 4 per [ which is obtained 
by the configuration of this invention ] property. The aforementioned property is 
an example of a concrete design about Xtal ST cut (30 to 45 rotation Y cuts) X 
propagation bearing, the beginning ~ drawing 10 R> 0 ~ setting ~ the 
equivalence constant of a SAW resonator, and IDT ~ the relation of a logarithm 
is shown. It is 250MHz as a frequency of said SAW resonator. It carried out. in 
order to contain to about 2x3mm which is the minimum component size 
considered for manufacture to be possible with Xtal on said frequency ~ the 
logarithm of IDT ~ the sum of the reflector N of M and one side needs to be less 
than 200. The Q value (resonance acutance of image) (curve 1000) of one SAW 
resonator and the property of the equivalence series resonance resistance R1 
(curve 1 001 ) were shown in the basis of this condition at drawing 1 0 . the 
logarithm of IDT ~ M - the range of 40 to 120 - setting ~ about 10,000 or more 
Q value ~ moreover, as for R1 , in 60 to 120 pairs of range, about lOOohms is 
obtained for M. However, 8**1 wave was used as electrode finger crossover 



width efface (it is WCT=WC1+G1+WC12+G2+WC2 WCT/2 and here) of one 
SAW resonator. In this invention, the twice of the aforementioned electrode finger 
crossover width of face take equally to the total IDT width of face WCT 
(=WC1+G1+WC12+G2+WC2) of drawing 3 . therefore, said total - IDT width of 
face - 14 to 18 waves - and the conductor of 120 pairs from a logarithm M60, 
therefore a reflector - the property which makes a number 140 to 80, then the 
purpose of this invention is acquired. 

[0046] Next, drawing 4 and drawing 5 are properties which show the relation 
between the frequency of proper oscillation Mode S 0 andAO which the horizontal 
duplex mode SAW filter of this invention has, and the dimension WC12 in 
drawing 3 . The axis of abscissa was the wavelength unit lambda of the surface 
acoustic wave in operating state about WC12 among drawing, and an axis of 
ordinate is frequency rate-of-change deltaf/f, and was expressed per ppm (10-6). 
0 ppm In drawing are in the condition corresponding to the resonance frequency 
of infinity in the electrode finger crossover width of face of a SAW resonator. 400 
is the resonance frequency in theScurvilinear of drawing 4 0 mode first. As 
illustration, from 800 ppm of WC 12= 0 of Point Q, resonance frequency is 
decreasing toward 360 ppm (401) which is the value of Point P as WC12 
increases. About the detailed interpretation of this phenomenon, it mentions later 
using drawing 8 and drawing 9 . On the other hand, drawing 5 is the resonance 
frequency (500) in the AO mode. WC12 shows not changing a lot. He can 
understand this phenomenon from the resonance frequency in the AO mode 
being determined by said WCT. If the resonance frequency difference in the SO 
andAO mode is about 1000 ppm, since the target PHS and the IF filter of a GSM 
application are realizable from drawing 4 and drawing 5 , it will be good above 
WC12=2lambda. The upper limit of WC12 was decided from the filter impedance 
determined from the SAW resonators 1 and 2 setting to 400 to 500 ohms, and 
should just have been five or less waves. Incidentally, the dimensions G1 and G2 
in drawing 3 used about one wave. 

[0047] Next, drawing 6 is S1 1 reflection property seen from the input terminal 



side (111 of drawing 1 ) of the horizontal duplex mode SAW filter of this invention. 
The axis of abscissa of drawing 6 is frequency rate of change, and an axis of 
ordinate is the relative value of the value of S1 1. The frequency in which the 
value of S1 1 takes a peak is in a low side to the fundamental-wave symmetric 
mode SO, and fundamental-wave oblique symmetry mode AO. The delta 
frequency between SO andAO is 1080 ppm. Furthermore, drawing 7 is the 
transmission characteristic of the filter of drawing 1 , and Sb of an axis of 
ordinate is the amplitude characteristic of an insertion loss. 3dB pass band width 
which Sb has is about 1500 ppm, and, in two-step cascade connection of this of 
drawing 2 , turned into pass band width of about 1000 ppm. However, although 
the passage area inclines, this is generated when the resonance amplitude in 
said SO andAO mode differs. 

[0048] Next, if the structure of this invention of drawing 2 is used, it will explain by 
being with drawing 8 and drawing 9 about pass band width spreading. Drawing 8 
shows the relation of variation-rate [ of the normalized-radiam-frequency potential 
function PYM (Y) and the SO mode ] V (Y) about IDT which takes the uniform 
structure corresponding to P points of drawing 4 . the electric supply whose 
IDT800 surrounded with the broken line in drawing connects this with 
positive/negative electrode fingers ~ it consists of conductors 805 and 804. The 
frequency potential function PYM (Y) which said IDT builds is the property 809 of 
the lower part of drawing 8 , and supports IDT of a drawing upper case. Since 
said electrode finger intersection of IDT is arranged uniformly at +X shaft 
orientations, it becomes as fixed [ the frequency potential value of 809 ] as 
PYM=1 in this part. S obtained in this condition ~ variation-rate V (Y) is a TOTSU 
function smooth inside like the curve 806 of the middle the 0 mode. The 
resonance frequency in the SO mode which has the relation of deltaf/f=a'k2 in 
approximation small therefore relatively as for the wave number k of the surface 
acoustic wave of Y shaft orientations in this case serves as a small value 
relatively (P points of drawing 4 ). However, said a' is proportional to a in the 
above-mentioned formula (2). Next, the configuration corresponding to Q points 



of drawing 4 is drawing 9 . the condition with which IDT surrounded by the 
broken line of 900 combined the IDT section of two SAW resonators - it is - 
electric supply of straight polarity - a conductor 905, the electrode finger 901 , 
and 91 1 grades - IDT of the first SAW resonator - it is - electric supply of 
straight polarity it is IDT of the 2nd SAW resonator in a conductor 904, the 
electrode finger 902, and 904 grades, electric supply of negative polarity - a 
conductor 906 is formed in one and shared. The frequency potential function 
PYM (Y) which IDT which the above combined has turns into the step function 
909 in the lower berth shortly, electric supply of negative polarity - it is given like 
b of the lower berth, and d field for the frequency potential function near the 
conductor 906, and the same reason as ****3 . in this case, the variation rate with 
which the SO mode in which two width efface was small combined diagram [ of 
the SO mode given ] V (Y) in one wave (2b+d) of center like 907 of the middle - a 
condition is taken. Therefore, the wave number k of the surface acoustic wave 
spread to Y shaft orientations (908) serves as a big value relatively, and the 
relation of the same deltaf/f=a'k2 as the above-mentioned to resonance 
frequency becomes large relatively. The above is the reason nil why Q points of 
drawing 3 are bigger than P points. 

[0049] Now, when a prototype was built based on the above, on the occasion of 
the miniaturization of the technical problem 2 which invention tends to solve, 
broadband-ization of the pass band width of a filter which is 1 of a technical 
problem was realizable. It was one of these, and as a result of inquiring further, it 
became clear that some technical problems that an improvement is desired 
existed. The Q value fall in the fundamental-wave oblique symmetry mode AO 
which constitutes a filter if these are enumerated, b) Spurious generating which 
considers high order in harmonic mode as a cause. C) In the filter shape, it was 
the increment (40dB) in the magnitude of attenuation out of band. First, these 
causes and cures are surveyed. 

[0050] First, as a result of studying the cause of the above-mentioned a, the 
cause suited having reduced the Q value of the resonator which constitutes a 



filter with the Joule's heat which the forward negative charge generated on the 
electrode finger of IDT short-circuits and generates. The SO aforementioned 
mode is [ the 8000-10000, and AO mode of extent of Q value ] about 4000 (each 
mode is referring to drawing 6 ). 

[0051] The reason from which only said AO mode became a Q value fall is for 
internal energy loss to have occurred [ to have generated the charge proportional 
to a variation rate on the electrode finger, and ], when a short-circuit current 
flowed, as a result of said AO mode's taking the displacement condition of 314 of 
drawing 3 in the electrode finger field of 315 which is the duplication field of 
drawing 3 . On the other hand, the SO mode (313 of drawing 3 ) is like-pole 
nature in the duplication field 315, and a short-circuit current does not flow and 
does not generate an internal loss. Therefore, this cure is making it not produce 
the short pass of a generating charge as much as possible to said SO andAO 
mode. Moreover, in order to carry out flattening of the passband property of a 
filter, using resonance amplitude in the SO andAO mode as the same, it is 
required to make the electrode surface product in said mode the same, and to 
make an accumulation charge total amount into equivalence. 
[0052] Next, the result of having studied the cause of b is as follows. In order to 
set the insertion loss of the horizontal duplex mode SAW filter of this invention to 
3 or about 4dB, it is desirable to make Q value in each mode to constitute about 
into 12000. Then, although increasing electrode layer thickness was known the 
making the reflection coefficient of a reflector and each electrode finger in IDT 
increase purpose, when this was performed, the level of the spurious primary 
horizontal symmetric mode SI increased, moreover, the electric supply by the 
side of the negative electrode (touch-down) shown in 1 15 of drawing 1,116, and 
117 grades ~ depending on the configuration of a conductor, the vertical 
fundamental-wave oblique symmetry mode LA 0 occurs, as the cure to spurious 
one of these - the mode LA 0 - being related - said electric supply ~ it is 
making into axial symmetry electrode finger crossover width of face WC (X) 
formed with a conductor about the center of the longitudinal direction X of a filter. 



Moreover, about Mode S 1 , the policy which applies the fact about a power flow 
vector and oppresses said S1 mode was devised. 

[0053] As a result of carrying out cause investigation of said C and the elastic 
wave which the part where the electrode fingers of IDT of an input side and IDT 
of an output side lap mutually exists, forms a transversal filter partially by this, 
and does not contribute to resonance phenomena from an input side at an output 
side leaking next, it is for the magnitude of attenuation out of band to get worse 
to about 40dB. Therefore, this cure is making it the excitation field of IDT not lap. 
Although the problem was explained briefly above, a concrete example is raised 
to below and still more detailed explanation is given. 

[0054] First, at first, drawing 1 1 is other examples of the horizontal duplex mode 
SAW filter of this invention which took the configuration for insulating electrically 
between the terminal pairs of an input side and an output side in order to oppress 
the vertical fundamental-wave oblique symmetry spurious mode l_A 0. Drawing 
1 1 makes two-step subordination connection of the SAW filter of 2 pole molds 
like drawing 2 . Respectively the piezo electric crystal plate with which 1100 
consists of Xtal etc. in the name like each part in drawing, and 1 101 and 1 102 
The 1st and the 2nd SAW filter, The whole IDT with which 1103 doubled the 
input side and the output side, a reflector with common 104 and 105, The 
positive-electrode side input terminal of the 1st SAW filter and 1 107 1 106 The 
input terminal by the side of a negative electrode, the electric supply by the side 
of the negative electrode a positive-electrode side edge child, and whose 1110 
and 1111 1 1 08 and 1 109 were one in drawing 1 as for the terminal by the side of 
the negative electrode of the output side of the 1st SAW filter, and 1 1 1 3 ~ a 
conductor is divided into two as it is also at interval spare time in the center. 
Moreover, 1 1 14 is a Y-axis and 1 1 15 is the X-axis. Since 2nd SAW filter 1 102 is 
the same as that of the 1st, explanation is omitted, the main point of drawing 1 1 - 
- the electric supply by the side of the above-mentioned negative electrode ~ it is 
that the conductor is dividing into two, and that the electrode finger crossover 
width of face WC (X) which IDT has is axial symmetry about Chuo Line (it is 



equivalent to Y-axis 1 1 14) of the aforementioned X shaft orientations. This was 
further explained in full detail to drawing 12 . The axis of abscissa 1203 in 
drawing 12 is the same as that of the X-axis of drawing 1 1 . An axis of ordinate is 
the relative value of the electrode finger crossover width of face WC (X) which 
IDT of an input side has, and (1202), It is the case where spurious one which the 
stair-like function 1200 becomes from the vertical fundamental-wave oblique 
symmetry mode LA 0 of this invention does not occur, and 1201 is the case 
where spurious one which consists of said LAO mode occurs. A function 1200 
divides the overall length X of IDT into four equally, and has even times (2 times 
in this case) of the points changing [ WC ]. Said longitudinal-mode spurious [ 0 ] 
LA is shown by 1601 in the filter transmission characteristic Fig. by this invention 
of drawing 16 . 

[0055] Below, drawing 13 is one example of the electrode pattern for improving 
the resonance acutance of image, i.e., QA, and QS value in the SO and AO mode 
which constitutes the horizontal duplex mode SAW filter of this invention, and 
supposing that it is equivalent, and showed the whole one half. The X-axis which 
has arranged 1301 in drawing in the center of a width method, and 1302 are Y- 
axes. The field of 1303 and 1304 is a part which approaches the X-axis of 1301 
and is dividing the electrode finger 1310 grade in the thin tooth space in front on 
the right. The electrode finger 1309 which connected with the straight polarity 
side also in the field 1305 is separated similarly. Therefore, only a part at least for 
the separated electrode finger part to have dissociated from the condition of 
having connected 1312 to the positive electrode 1309 does not short-circuit the 
positive charge in said AO mode, but energy loss can be mitigated, the fields 
1305 and 1306 applied thinly are gross areas which the effective electrode finger 
crossover width of face WCA of IDT of an each input side and an output side (X) 
forms (it did not come out especially WC and mentioned specially as WCA), and 
its area is [ 1305 and 1306 ] equal. By doing in this way, said amount of net 
charge which SO and AO accumulate becomes equal, and the passage property 
of a filter becomes flat. Moreover, if the arrangement configuration of 1303 and 



1305 of drawing 1313 is taken, since the electrode finger crossover width of face 
WCA of an input and an output side IDT will not lap, the magnitude of attenuation 
of 1604 out of band of drawing 16 decreases from -40dB to about -60dB. 
[0056] Next, the configuration for oppressing said SI mode spurious (1602 
dotted lines of drawing 16 ) to drawing 14 is shown. 1400 in drawing is the X-axis 
and 1401 is a Y-axis. 1402 in a broken line is a field for making the variation rate 
in said SI mode reveal which consists of an electrode field of the shape of a 
grating of this invention, and this consists of electrode fingers which separate the 
space length G on the left of the electrode finger field 141 1 of IDT, and have the 
same electrode cycle length (almost the same as that of wavelength 
lambda=2PT of a surface acoustic wave) as I DTI 41 1 covering the maximum 
width BP. The aforementioned width efface BP can give the dimension which 
makes a taper configuration to X shaft orientations, and changes to them, electric 
supply for 1403 to short-circuit the edge of said electrode fingers - a conductor, 
and 1404 and 1405 grades call an electrode finger and delta of 1406 a tilt angle 
on the square of said X-axis 1400 direction and the line of the inside edge of 
1403 to accomplish. 1407 is a reflector and the left end section of a reflector is 
mostly in agreement with the right end section of said grating-like electrode field, 
this drawing - the variation rate in said SI mode in case, as for 1408 (broken 
line) of the middle, said grating-like electrode-fingers field of 1402 does not exist - 
- the variation rate in condition V (Y) and said SI mode in case said grating-like 
electrode field exists - Condition V - ' - 1409 (continuous line) is illustrated. 
Furthermore, the stair-like function 1401 of this drawing lower berth illustrates the 
average frequency potential function PYM (Y) which the field on the Y-axis of the 
IDT part of drawing 14 has. 

[0057] Below, the configuration of drawing 14 can explain signs that said SI 
mode is oppressed, using drawing 15 and drawing 17 . Drawing 15 is a situation 
of the frequency change (deltaf/f (ppm)) at the time of changing said width of face 
BP which the horizontal fundamental-wave symmetric mode SO (1501) which is 
each oscillation mode which the configuration of said drawing 14 has, the 



horizontal fundamental-wave oblique symmetry mode AO (1502), and the primary 
horizontal symmetric mode S1 (1503) show first. These properties are calculated 
by the above-mentioned theoretical formula (4) and (5). Even if said SO andAO 
mode changes said width efface BP, it hardly changes, so that it may see by 
drawing 15 . On the other hand, the descent phenomenon of a frequency has 
generated [ BP ] said SI mode by making the space length G into a parameter 
more than 2lambda. As for this phenomenon, BP dimension from which a 
frequency descent phenomenon begins becomes small, so that the space length 
G is small. This shows that the variation rate in the SI mode leaks to the field of 
an outside 1402, so that G is small, the wave number k of Y shaft orientations 
decreases as a result of vibration displacement's spreading like 1409, and a 
frequency descends. Although the vibrational energy leaked to 1402 fields of said 
drawing 14 is spread to X shaft orientations as a surface acoustic wave, since it 
shifts from the field which a reflector 1407 covers, as a result of being leaked and 
lost, without being reflected, the Q value in the S1 mode decreases. Thus, 
oppression in the SI mode is performed. It considers a point with desirable to the 
miniaturization of a component as said BP and G dimension range making BP 
dimension small as much as possible, and that vibration of the SO and AO mode 
is not spoiled, and the four-wave range has the three-wave range and the good 
range of BP from three waves from two waves (lambda) in the range of G. 
Moreover, said tilt angle delta is a gap angle over the power flow angle which 
shows the maximum propagation direction of the surface acoustic wave energy 
which a piezo electric crystal plate originally has, and showed the relation of Q 
value which one SAW resonator to said tilt angle delta shows to drawing 17 . The 
axis of abscissa in drawing is a tilt angle (degree), and an axis of ordinate is Q 
value. If tilt angle delta is two to about three, Q value can be reduced by half to 
delta= 0. this effectiveness - vibration - the electric supply in which that it is only 
strange has a tilt angle - it is effective only in said S1 mode in which a conductor 
(1403 of drawing 14 ) is reached. As a result of taking the above measures 
against SI mode oppression, the oppression effectiveness in said SI mode in 



the horizontal duplex mode SAW filter of this invention can be oppressed from 
conventional -20dB to about -40dB. The situation was shown in 1602 and 1603 
of drawing 16 . 

[0058] In the above, it explained per the configuration of the horizontal duplex 
mode SAW filter of this invention, and property. Although the Xtal ST cut showed 
the example of a configuration, the latest-starting-time cut which is the 16-degree 
rotation Y cut which are other cuts, and K cut which is a 9.6-degree rotation Y cut 
are sufficient, and it is added that it can suit even if it is piezo-electric materials 
other than Xtal further again. 
[0059] 

[Effect of the Invention] As stated above, according to this invention, it faces 
achieving the miniaturization of a horizontal duplex mode SAW filter, for example 
using the Xtal substrate. When unifying IDT of two SAW resonators which 
constitute said SAW filter the electric supply by the side of the negative polarity to 
share - by taking two or more two or more locations to the cross direction Y of a 
component, and repeating a conductor periodically by turns in the propagation 
direction X of a surface acoustic wave Since the delta frequency between the 
fundamental-wave symmetric niode SO which are two independent resonance 
modes which compound the property of a filter, and the fundamental-wave 
oblique symmetry mode AO can be extended more sharply than before, the pass 
band width of a horizontal duplex mode SAW filter can be extended 30% the 
frequency span between channels, such as PHS, can provide a commercial 
scene with the intermediate frequency filter of a large communication device 
application, further - again - the logarithm of IDT - as compared with the former, 
said filter with a component plane area as small as one half and good is 
realizable by designing M few with 60 to 120 pairs. Moreover, since it can 
oppress by constituting the electrode field of the shape of a grating the symmetry 
of IDT crossover width of face and vibration displacement are made to leak 
higher-mode spurious in every direction generated by making electrode layer 
thickness and a width method increase in this case, it can realize, a property is 



excellent and said filter excellent in the magnitude of attenuation of a filter out of 
band can be contributed to implementation of a small communication device. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view showing the conductor pattern which one example of 
the horizontal duplex mode SAW filter of this invention has. 
[Drawing 2] Drawing which one example of the horizontal duplex mode SAW filter 
which carried out two-step cascade connection of this invention shows. 
[Drawing 3] The top view which one example of IDT of the horizontal duplex 
mode SAW filter of this invention shows. 

[Drawing 4] The property Fig. which drawing 1 of this invention shows. 
[Drawing 5] Other property Figs, which drawing 1 of this invention shows. 
[Drawing 6] Other property Figs, which drawing 1 of this invention shows. 
[Drawing 7] The property Fig. which drawing 1 of this invention shows. 
[Drawing 8] The outline Fig. concerning IDT of uniform structure conventionally. 
[Drawing 9] The outline Fig. about IDT of the conventional horizontal duplex 
mode SAW filter. 



[Drawing 10] The property Fig. of the SAW resonator which is the component of 
this invention. 

[Drawing 1 1] The top view showing the conductor pattern which other examples 
of the horizontal duplex mode SAW filter of this invention aiming at oppressing 
the fundamental-wave length oblique symmetry spurious mode LA 0 have. 
[Drawing 12] Drawing showing the electrode finger crossover width of face WC 
which drawing 1 1 of this invention has. 

[Drawing 13] The top view which one example of the conductor pattern which IDT 
of the horizontal duplex mode SAW filter of this invention shows shows. 
[Drawing 14] The top view showing the conductor pattern which other examples 
of the horizontal duplex mode SAW filter of this invention aiming at horizontal 
high order spurious oppression have. 

[Drawing 15] The property Fig. which drawing 14 of this invention shows. 
[Drawing 16] The transmission characteristic Fig. of the filter which drawing 1 1 
and drawing 14 of this invention show. 

[Drawing 17] The Q value property Fig. of a resonator which drawing 14 of this 
invention shows. 
[Description of Notations] 

100 Piezo Electric Crystal Plate 

101 IDT 

102 Reflector 1 

103 Reflector 2 

104,106 An input and output IDT 
105 Duplication Field 
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[Drawing 2] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 14] 
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[Drawing 16] 
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